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The fact that oppositely polarized rays cannot be made to interfere may of itself be regarded as a proof that the vibrations are transverse ; and the principle, once admitted, gives an intelligible account of all the varied phenomena in this field of optics. The only points on which any difficulty arises are as to the nature of ordinary unpolarized light, and the rules according to which intensity is to be calculated. It will be proper to consider these questions somewhat fully.
In ordinary (plane) polarized light the vibrations are supposed to be in one direction only. If x and y be rectangular coordinates in the plane of the wave, we may take, as representing a regular vibration of plane-polarized light,
x = a cos (<£ — a), .............................. (1)
where $ = 2?ri/T, and a, a. denote constants. It must be remembered, however, that in optics a regular vibration of this kind never presents itself. In the simplest case of approximately monochromatic light, the amplitude and phase must be regarded (§ 4) as liable to incessant variation, and all that we are able to appreciate is the mean intensity, represented by M (a2). If a number of these irregular streams of light are combined, the intensity of the mixture cannot be calculated from a mere knowledge of the separate intensities, unless we have assurance that the streams are independent, that is, without mutual phase-relations of a durable character. For instance, two thoroughly similar streams combine into one of four-fold intensity, if the phases are the same ; while, if the phases are opposed, the intensity falls to zero. It is only when the streams are independent, so that the phase-relation is arbitrary and variable from moment to moment, that the apparent resultant intensity is necessarily the double of the separate intensities.
If any number of independent vibrations of type (1) be superposed, the
resultant is
[2&i cos aj cos <f> + [Sat sin a,] sin </>,
and the momentary intensity is
[£«! cos ttj]2 + [iSoj sin ati]2, or
The phase-relations being unknown, this quantity is quite indeterminate. But, since each cosine varies from moment to moment, and on the whole is as much positive as negative, the mean intensity is
that is to say, is to be found by simple addition of the separate intensities.
Let us now dispense with the restriction to one direction of vibration, and consider in the first place the character of a regular vibration, of given frequency. The general expression will be
x — a cos (</> — a),           y = b cos (<£ — /3),   ............... (2)osed to be, is essentially incapable of transverse vibrations. But there seems to be no reason d priori for preferring one kind of vibration to another; and the phenomena of polarization prove conclusively that, if luminous vibrations are analogous to those of a material medium, it is to is lost (or gained) on the whole by the separation. of astronomical observations far transcends the separating power of the instrument.
